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Introduction 
The average American diet is quite often deficieht in 
its calcium content. Yet, the role of calcium in the body, 
although not easily evaluated is of major importance. Many 
investigators have studied the effects of calcium deficiencies, 
and have concluded that an adequate provision of this element 
is most essential for building bones and teeth, for trans¬ 
mission of nerve impulses, and for raaintainance of general 
health. Numerous factors are involved in proper calcium 
metabolism, many of them having received much attention, A 
survey of the literature shows that little work, if any, has 
been done on determining the effect of fruits on calcium 
metabolism and retention. It is for this reason thet the 
present investigation was undertaken, namely, to determine the 
possible effect of fruits on calcium retention. 
It might be desirable to review a few physiological 
aspects of calcium before attempting to present the original 
data. Of the inorganic elements that which constitutes the 
greatest proportion of the body weight of an animal is calcium. 
Over 99 percent of this mineral is found in the bones1. It 
is of utmost importance that a growing animal h?:s an adequate 
1^ Sherman, H. 0. - Chemistry of Food and Nutrition, Macmillan 
Company, New York. 5th Ed. 
2- 
supply of calcium, because it is in early life that the forma¬ 
tion of bones and teeth takes place. Consequently, the in¬ 
jurious effects of calcium deficiency are much more evident 
in the young animal than in the mature or full-grown one. 
The normal calcium balance in the body of a female 
animal is upset during the period of pregnancy and lactation 
because of the demands of the fetus and nursing child in 
building its skeletal structure. For this reason, anything 
that would enhance calcium assimilation would be desirable# 
Rickets, a deficiency disease in which calcification of 
the growing bones does not take place normally, may be caused 
not only by lack of vitamin D, but also by an inadequate 
absorption of calolum, phosphorus, or both, in the proper 
ratio. With the supply of vitamin D so limited in the 
common foods, it would be well to know if other substances, 
fruits, for example, are able to supplement this necessary 
anti-rachitic factor# 
At the present time, the use of calcium salts as a 
therapeutic agent is increasing. They are used in the treat¬ 
ment of rickets, osteomalacia, jaundice, attacks of migraine, 
gonorrheal epididymitis, diarrhea in tuberculous enteritis, 
and many other diseases with varying success1. 
With the calcium content of our ordinary foods being 
TT Therapeutic Notes, Feb. 1938, p. 44-50. Parke, Davis and 
Co., Detroit, Michigan. 
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relatively small, and whereas the cost of calcium salts is 
relatively high, Gunderson (1937) suggests that it might be 
well for manufacturers to include some of the less expensive 
calcium salts in such universal foods as bread, macaroni, and 
spaghetti* Thus, a cheap source of the element would be made 
available for the individuals whose diets are deficient in 
high-calcium foods, but abundant in these inexpensive staples* 
It is evident thao calcium is of major importance to 
normal health and metabolism* Many of its problems are 
complicated, and as yet remain unsolved* The present in¬ 
vestigation may throw some light on the role that fruits 
play in the retention of calcium* 
Review of Literature 
Because of the importance of calcium to human nutrition, 
a great many experiments have been carried out in this field 
with both human and animal subjects. The effect of vegetable 
substances on calcium retention has not been studied to any 
great extent, although a few such experiments are recorded in 
the literature* Chaney and Blunt (1925) found that the addition 
of orange juice to a normal diet caused an increase in calcium 
retention amounting to 11.2 percent in one child, and 13.3 per¬ 
cent in another. These children also showed a greater positive 
calcium balance, because of the diminished excretion of that 
4- 
element in the feces. Burton (1931) found an exceedingly 
high retention of calcium by 4 boys on a diet which consisted 
in one case of an oat cereal, and in another of a wheat cereal. 
This was attributed to the rather high intakes and possibly 
to the exposure to sunlight. The experiments with girls 
showed a lesser retention of the element. In general, the 
retention on the wheat was higher than on the oat diet. 
Culhane (1927 and 1930) describes experiments which indicate 
that the consumption of cabbage produces a definite, though 
temporary , rise in the serum calcium of rabbits, except 
when the initial value may be regarded as exceptionally high. 
No explanation for this rise in serum calcium is offered. 
The action of the cabbage was also studied by Kapsinow and 
underbill (1929) and they found that although there were 
occasional indication of a rise in serum calcium, they were 
entirely too vague to be conclusive. 
The effect of various carbohydrates on calcium retention 
and utilization has received some attention. Spiers and 
Sherman (1936) found that the separate addition of about 
33 percent of dextrose, dried corn syrup, dextrin, cornstarch, 
and sucrose to one of their basal diets caused a somewhat 
less rapid growth and less calcium retentioh than they found 
in the control rats. But the percentage of calcium in the 
bodies at the completion of the experiment was essentially 
the same as for the animals of the some age on the control 
diet. Each of the above mentioned carbohydrates had about 
-5- 
the same effect, French and Cogwill (1937), working with 
both dogs and rats, report a marked increase of calcium 
retention in young animals upon the addition of lactose to the 
diet, Robinson, Huffman, and Mason (1929), upon adding 
lactose to a diet having either calcium chloride or calcium 
lactate as the source of calcium, noted a slight increase in 
serum calcium, although the retention of these salts was not 
noticeably affected. Lactose doubled the calcium retention 
from bone meal. The increased retention is not attributed 
solely to the lowered pH of the intestines, but also to the 
specific action of the lactose or lactate ion in facilitating 
the passage of calcium into the blood stream independently of 
the pH. Bergeim (1926, b) in an experiment on the effect of 
carbohydrates on calcium absorption found that lactose had a 
more favorable effect upon calcium retention than did glucose, 
maltose or starch, both in rachitic diets and in normal ones. 
He attributes this increase to the increased acidity of the 
gastro-intestinal tract produced by the lactose. Robinson and 
Duncan (1931) have demonstrated that 25 percent of lactose in 
a vegetable diet produced a marked reduction in pH throughout 
the small intestines, cecum and colon. With a high protein 
diet they found that although the pH dropped, the change was 
much smaller than with the other diet. These authors state, 
"Intestinal acidity get se is not the determining factor in 
the absorption of calcium - it depends on the nature of the 
basal ration11. 
That calcium should be adequately supplied in the diet 
6- 
was proven rather conclusively by 8herman and MacLeod (1925)* 
They showed that up to the time of their death rats on a 
low-calcium diet lost about 75 percent of body calcium. 
The addition of cod liver oil to a low-calcium diet did not 
appreciably increase the calcium content cf the body* feui* 
with the addition of calcium lactate, without changing the 
vitamin D of the ration, the calcium content of the body was 
increased markedly. With calcium as the only variable, u^^rman 
and Booher (1931) found the gains in body weight of the rat 
to be practically the some on all of their diets. Also, in 
animals of the same age and sex, the total body calcium and 
the percentages of calcium in the body increased progressively 
with the increase in the calcium content of the food. Snerman 
and Campbell (1935) reported that higher levels of calcium 
intake in rats were followed by better growth and earlier 
maturity. Furthermore, there were several indications of 
higher adult vitality and a slight increase in the average 
length of life. 
The effect of pH of the intestinal tract uoon calcium 
retention has been studied by several investigators. 
Abrahamson and Miller (1925) concluded that the rise in pH 
produced by rachitic diets was responsible for the deficiency 
of calcium absorption which is characteristic of rickets. 
Cod liver oil produced a more acid condition in the intestines 
with the subsequent enhanced calcium retention. This view 
-7- 
is substantiated by Redman, \ illimot and Workes (1927). On 
the other hand, Bogert and Kirkpatick (1922) axe inclined to 
believe that a basic diet is more beneficial in calcium re¬ 
tention than is either a balanced or an acid—forming diet. 
They also found that calcium excretion in the urine is greater 
on an acid—forming diet than it is on a balanced or base¬ 
forming diet. 
Various other factors that influence calcium retention 
also have been studied. Bergeim (1926) came to the conclusion 
that the secretion of phosphates into the gastro—intestinal 
tract favored the absorption of calcium, both in animals on 
a normal and a rachitic diet. Aub, Tibbetts and McLean (1937) 
found that whereas the parathyroid secretion has little to 
do with calcium absorption, urea causes a slight increase in 
blood calcium, but has no marked e ffect on calcium absorption. 
They also found that neither fats nor sodium chloride had a 
favorable effect on calcium absorption. Lusoh and Neum&yer 
(1926) noticed that feeding solutions of calcium chloride to 
cats, dogs, and healthy human subjects produced a noticeable 
rise in the calcium level of the blood. This persisted for 
seven hours after the intake of the calcium salt. 
Although copious literature may be found on the various 
nutritional aspects of calcium, little reference is made to 
the role of fruits in calcium retention# 
-8- 
Experimental 
The basal diet used In this experiment had the following 
composition: 
Casein 15 percent 
Starch ,64 w 
Osborne-Mendel salt mixture 4 
Criseo 6 " 
Cod liver oil 3 * 
Yeast 8 * 
Calcium carbonate 1 n 
The above diet contained a relatively large amount of 
calcium because it was thought that the influence of fruit 
on calcium retention might be better observed under such 
conditions* 
In the experimental diets 20 percent of either fresh 
cxanberrios or of fresh Baldwin apples were added to the 
above basal ration. The fresh fruio was first put through a 
food chopper and then chopped with a sharp knife in order to 
reduce the fruit tissue to fine pieces, This fruit was then 
thoroughly mixed with the basal diet in the proper proportion 
and immediately weighed out into the food cuds. At no time 
was more of this diet made than was necessary for four days 
of feeding. 
The animals used were albino rats from the stock colony 
of the Nutrition Laboratory of the Massachusetts State College. 
In most cases, the experimental work was carried out on litter 
i. A 1^34 Revision of tiie Text and Assays for Cod Liver Oil 
of the Pharmacopoeia of the U. S. Tenth Decennial Revision. 
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laates. The animals were separated according to sex ana litter, 
and where possible, an equal number of each was placed on the 
basal diet as control animals. Cages of galvanized iron wire 
were used for each of the animals. Distilled water was 
furnished the rats ad libitum. The ration was carefully 
weighed out into metal feed cups in amounts not exceeding a 
four day requirement. Any spilled food was collected on 
paper towels, weighed and considered in the calculations. 
Young rats, aged 31 to 38 days, were placed on the diet 
for a period of about seven days before the experimental 
work was begun in order that they might become accustomed to 
the food and acclimate themselves to the environment. At 
the same time their food intakes were determined. 
There was considerable variation in the food intake 
among the animals as well as in individual rats. Also, it 
was found that the weights of the feces excreted during the 
same time did not parallel the food intakes. Because of 
these findings it was thought that a more accurate picture 
of the influence of fruits on calcium retention would be ob¬ 
tained by using a three day experimental period rather than 
a one day period for the retention tests. The feces for the 
corresponding three day period were collected and mixed to¬ 
gether, It was found that when a small quantity of carmine 
was mixed into the food, that the excreta would be so colored, 
and could be distinguished quite readily from the normal feces. 
-10- 
During the experimental period, then, the following procedure 
was followed: At the beginning of the period, a email 
quantity of the food was colored with the carmine and fed to 
the rate. Collection of the feces was begun with those which 
were colored red. Then the intake of the red food was determ¬ 
ined, and the remainder replaced by normally colored food for 
the rest of the experimental period. This caused a return 
of the normal color to the feces. At the end of seventy-two 
hours, colored food was again fed, and collection of the 
feces was terminated.with the appearance of colored excreta. 
Kach of the fruits was analysed for calcium by the 
HcCrudden method (1910), and their calcium content was allowed 
for in calculating the calcium retention. Cranberries were 
found to have 0.58? milligrams of calcium per gram, and 
apples had a content of 0.209 milligrams per graia. The 
basal diet was analyzed for calcium by the same method, and 
was found to contr in 11.40 milligrams per gram of food. 
The feces were ashed in a muffle furnace, and analyzed 
for calcium by the &cCrudden method (1S10). From the cal¬ 
culated calcium intake, the amount of calcium excreted was 
subtracted , and the remainder converted into percent. Thus 
tue approximate amount of calcium retained was ascertained. 
In figuring the calcium of the food with the fruit supplement, 
two factors had to be allowed for, (1) evaporation, of the 
moisture from the fruit, ana (2) the email amount of calcium 
In the fruit. '*he average Iobb in weight, due to evaporation. 
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over the three (ley experimental period wafi seven percent. 'fhe 
calcium retention for each rat was determined during at least 
two experimental periods. 
Records of the gains in weight made by the animals during 
the entire time of the experiment were kept. The data ere 
presented in figures 1, 3, 3, and 4. 
In order to collect the urine, the animals were put 
into individual cages that were equinnecl with a funnel in 
which a screen was placed for the purpose of separating out 
the feces. Thus, the uncontaminated urine was collected 
directly in a flask* The urine from the control animals 
in each gxo o was pooled, as was the urine from the experimental 
animals. The pH of the urine samples was determined by means 
of a Beckman pH meter. The calcium content of the urine was 
also determined, and since it was found to be about the same 
for both the expert mental and control animals, this value was 
not included in retention figures. 
At the end of the exoerimental period, the rats were 
killed by means of chloroform, and the intestinal tract removed. 
The pH of the contents of the small intestines and of the 
cecum was determined separately. Also the femurs, which 
theoretically are representative tissues, were removed, 
analyzed for total calcium, and the results compared.. These 
data are shown in Tables 4, 5, 6, 7, 12, 13, 14, 15, and 16. 
The standard methods of determining the utilization of 
the calcium were chosen in preference to Bergeira*s method 
(1926, a) which involves the use of ferric oxide, because 
of the possible inclusion of iron from the galvanized iron 
cages. 
discussion of Results 
Cranberries 
The data in Tables 1 and 2 indie- ted that the presence 
of 20 percent of fresh cranberries in the diet of rats tends 
to increase the retention of calcium. In comparing litter 
mates. Tables 2 and 3, there is an increased retention of 
calcium in those rats whose diet was supplemented with 20 
percent cranberries. This effect is found in three of the 
five comparisons, there being no significant differences in 
the other two. The reason for these results is not readily 
apparent. The increased retention of calcium may be due to 
a slightly increased acidity in the intestinal trafct, as 
suggested by Eseelen (1937). In this investigation, however, 
there seemed to be no significant difference between the pH 
of the intestines and cecum of the control animals as com¬ 
pared with the experimental rats. But since only ten rats^ 
1. Only rats 60 to 69 were examined for pH of the intestinal 
tract. 
Table 1. Effect on Calcium Retention in the Rat of a Diet 
Containing 20 Percent Fresh Cranberries 
Percentage calcium retained 
Diet Sex Litter Rat Trial 1 Trial 2 Trial 3 Average 
Control 
it 
ti 
ft 
ft 
M 
F 
F 
M 
M 
Average 
20^ cranberry U 
« w p 
ft ft p 
« « M 
ft « M 
Average 
No. No. percent percent percent percent 
345 1 44.82 44.98 41.43 43.74 
345 2 38.30 52.31 47.76 46.09 
345 3 48.20 49.98 44.92 47.70 
344 4 40.40 45.16 41.63 42.36 
344 5 37.37 50.37 49.14 45.63 
41.30 48.56 44.97 45.10 
345 6 40.06 50.10 50.78 46.98 
345 7 45.07 45.62 £6.93 49.21 
345 8 44.47 49.97 45.73 46.72 
344 9 56.44 54.07 52. 66 54.29 
344 10 54.88 57.09 56.15 50.66 
48.17 51.3? 52.45 49.57 
6.38 2.81 7.48 4.47 Difference 
Table 2. Effect on Calcium Retenti n in the Rat of a Diet 
Containing 20 Percent Fresh Cranberries 
Diet Sex Litter Rat 
Percentage calcium retained 
Trial 1 Trial 2 
Average 
Ho. Ho. percent percent percent 
Control F 261 60 42.71 32.41 37.56 
U 261 61 40.43 39.15 39.79 
F 375 62 39.21 33.86 36.54 
rt M 261 63 31.76 33.56 32.66 
H II 261 64 32.48 34.46 33.47 
Average 37.32 34.69 36.00 
30^ cranberry F 261 65 58.56 52.98 55.77 l» M 261 66 57.31 50.93 54.12 8 rt M 261 67 46.94 41.90 44.42 
H M M 261 68 41.33 43.90 42.61 tt If M 261 69 40.90 43.71 42.30 
Average 49.01 46.68 47.85 
Difference 11.69 11.99 11.84 
Mote: Since 9 of the 10 rats are from litter 261, this table may 
also be used to show calcium retention among litter mates. 
Table 3• Comparison of Calcium Retention among Litter Me 
on a Diet Containing 20 Percent Cranberries 
Diet Bex Litter Rat Trial 1 Trial 2 Trial 3 
No. No. percent percent percent 
Control M 345 1 44.82 44.98 41.43 
»t F 345 2 38.20 52.31 47.76 
H F 345 3 48 . 20 49.98 4A.92 
Average 43.74 49.09 44.70 
20/3 cranberry H 345 6 40.06 50.10 50.78 
a F 345 7 45.07 40. 62 56. 93 
w * F 345 8 44.47 49.97 45.73 
Average 43. 20 48.5(3 51.15 
Difference -.54 -.53 6.45 
Control U 344 4 40.40 45. 16 41.63 
n u 344 5 37.37 50.37 49.14 
Average 38.88 47.77 45.38 
20-;; cranberry u 344 9 56.44 54.07 52.66 
# » M 344 10 54.88 57.09 56.15 
Average 55.66 55.58 54.40 
Difference 16.78 7.81 9.02 
13- 
were examined, the results do not seem significant in view of 
the fact that Esselen worked with many more animals. Then 
too, the variations in the pH may be due to the fact th&fr a 
different basal diet was used in this investigation. Another 
possibility suggests itself in that the calcium carbonate 
may have reacted with the acid of the fruit to form calcium 
benzoate and calcium citrate, both salts being more soluble 
than the carbonate, and as a consequence more available. 
The fact that solubility of calcium salts may influence their 
retention is suggested by Irving (1926). The increase in 
retention may also be due to the fact that the experimental 
animals, or the whole, ingested more food, and hence more 
calcium, Table 7, parts 1 and 2. Burton (1931) suggests 
increased food consumption as a possible contributing factor 
in calcium retention. 
Tables 4, 5, and 6 show that although there is a slight 
increase in the percentage of calcium in the femur as well as 
in the total calcium of that bone, that the differences between 
the litter mates. Table &, and especially Table § are not very 
marked. Cranberries, then, appear to have only a slight 
effect on increasing the deposition of calcium in the bones 
of the experimental animals. 
In Table 7, parts 1 and 2, is given a composite picture 
of the data discussed above, as well as some additional data. 
In Figures 1 and 2, the growth of the control and 
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Table 4. Effect of a 30 Percent Fresh Cranberry 
Diet on Calcium Deposition in the Femur 
Diet Sex Litter Hat Calcium in Femur ash 
No. No. percent grams 
Control M 345 1 43.32 .08941 H F 345 2 44.64 •06813 
it F 345 3 44.64 .07357 
H M 344 4 42.05 .07421 
ti M 344 5 48.96 .09518 
Average 44.72 .08010 
20% cranberry M 345 6 47.31 .09069 
* # F 345 7 47.98 •08383 
H « F 345 8 50.06 .08139 
ti *» M 344 9 45.32 .08040 
M 344 10 50.08 .09324 
Average 48.17 .08591 
Difference 3.45 .00581 
Table 5. Effect of a 30 Percent Fresh Cranberry 
Diet on Calcium Deposition in the Femur 
Diet Bex Litter Rat Calcium in Femur ash 
No* No. percent grams 
Control F 261 60 46.40 .07021 
* U 261 61 46.08 .06492 
« F 375 63 46.48 .04479 
tt U 261 63 45.42 .07330 
* M 261 64 44.78 .07331 
Average 45.83 .06931 
204 cranberry F 261 65. 45.76 .05802 
tt H M 261 66 45.61 .06518 
rt a M 261 67 45.76 .06868 
tt tt U 261 63 45.79 .07551 
f! M M 261 69 46.87 .07565 
Average 45.96 .06861 
Difference .13 .00070 
Note: This table may also be used for comparing litter 
mates* 
Table 6. Comparison of Femur Calcium among Litter 
Mates on a 20 Percent Cranberry Diet 
Diet Sex Litter Rat Calcium in Femur ash 
No. No. percent grams 
Control U 345 1 43.32 .08941 
ri F 345 2 '4 44.64 .06813 
it 7 345 3 44.64 .07357 
Average 44.20 .07704 
20# cranberry U 345 6 47.31 .09069 
tt « F 345 7 47.98 .08383 
H tt F 345 S 50.06 .08139 
Average 48.45 .08530 
Difference 4.25 .00826 
Control M 344 4 43.05 .07421 
H U 344 5 48.96 .09518 
Average 45.50 .08469 
20^ cranberry M 344 9 45.32 .08040 
It H M 344 10 50.08 .09324 
Average 47.70 .08682 
Difference 2.30 .00213 
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Table 7, Part 1. Summary of Calcium Retention and 
Deposition as Influenced by a Diet Containing 
20 Percent Fresh Cranberries. Rets 1 to 10 
8 
9 
10 
Ret 
Calcium 
excreted 
Food 
consumed* 
Calcium 
in 
food 
Calcium 
retsined 
Calcium 
reteined 
Weight 
of Femur 
ash 
Calcium in 
ash 
Femur 
r<o. rriei Trial Trial. Triel Trial Trial Trial Trial Trial Trial Trial Triel Trial Triel Trial 
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 
grams grams grams grams grams grams grams grams grams grams grams grams percent percent percent grams percent grams 
1 .2705 .2885 .3005 43 46 45 .4902 .5244 .5130 .2197 .2359 .2125 44.82 44.98 41.43 .2062 43.32 .08941 
2 .2184 .1903 .2263 31 35 38 .3534 .3990 .4332 . 1350 .2087 .2069 38.20 52.31 47.76 .1526 44.64 .06813 
3 .2126 .1882 .2637 36 33 42 .4104 .3762 .4788 .1978 .1880 .2151 48.20 49.98 44.92 .1648 44.64 .07357 
4 .3514 .2438 .3194 37 39 48 .4218 .4446 .5472 .1704 .2008 .2278 40.40 45.16 41.63 .1765 42.05 .07421 
5 .2642 .2433 .2609 37 43 45 .4218 .4902 .5130 i 1576 .2469 .2521 37.37 50.37 49.14 .1944 48.96 .09518 
6 .3021 .2626 .3511 43.7 45.57 61.38 .5040 .5253 .7133 .2019 .2627 .3622 40.06 50.10 50.78 .1917 47.31 
• 
.09069 
7 .2484 .2681 .2491 40 42.78 50.22 .4608 .4930 . 5784 , 2125 .2249 .3293 45.07 45.62 56.93 .1749 47.98 .C8383 
.2440 
.1914 
.2224 
.1824 
.2462 
.2254 
.3314 38.13 31.62 50.01 .4394 .3646 
.3349 38.13 46.5 61.38 .4394 .5360 
.2929 42.78 45.57 58.59 .4929 .5253 
.6107 * 1954 .1822 
.7074 .2480 .2898 
.6679 .2705 .2999 
.2793 44.47 49.97 45.73 .1622 
.3725 56.44 54.07 52.66 .1774 
.3750 54.88 57.09 56.15 .1862 
50.06 
45.32 
50.08 
.08139 
.08C40 
.09324 
* Allowance made for cranberry intake in rats 6-10 
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experimenta.l animals is compared. Although, in Figure 2, 
the experimental rats gained weight more rapidly than the 
controls, the growth was about the same in the other group. 
Figure 1* In general, there did not appear to be any signi¬ 
ficant difference in the growth of the rats on the different 
diets. The slightly more rapid gains in weight made by the 
experimental animals seem likely to be due to their greater 
food consumption. 
Apples 
The effect that apples have upon increasing calcium 
retention seems quite marked,Tables 8 and 9. In three out 
of four comparisons, the experimental animals snow a definitely 
greater calcium retention over the controls, there being 
little difference in the other comparison. Table 9. The 
results are similar when the litter mates are compared as 
shown in Tables 10 end 11. 
The same explanation that was suggested in the cranberry 
experiment may be offered here, namely, (1). that the calcic 
carbonate of the diet may have reacted with the malic acid of 
the fruit to form calcium malate, a salt which is more soluble 
than the carbonate and consequently absorbed more readily, 
and (2). that the animals on the diet with the fruit supplement 
consumed more food and hence retained a greater amount and a 
larger percentage of the calcium. No significant differences 
in the pH of the gastro-intestinal tract were noted* 
Table 8. Effect on Calcium Retention in the Rat of a 
Riet Containing 20 Percent Fresh Apples 
Diet Sex Litter Rat Percentage calcium retained 
Trial 1 Trial 3 
Average 
No. No. percent percent percent 
Control U 456 21 45.82 33.10 39.46 N F 456 22 49.19 45.24 47.21 H II 454 23 46.01 43.45 44.73 H F 454 24 47.01 45.42 46.33 
Average 47.01 41.80 44.40 
20^ apple U 456 29 36.35 40.93 38.64 U H M 454 30 43.75 57.66 50.70 M H F 454 31 48.65 60.13 54. 39 H rt F 456 32 48.95 58.68 53.81 
Average 44.43 54.35 49.39 
Difference 
-2.59 13.55 4.99 
Table 9 Effect on Calcium Retention in the Rat of a 
Diet Containing 20 Percent Fresh Apples 
Percentage calcium retained 
Diet Sex Litter Rat Trial 1 Trial 2 Average 
No. NO. percent percent percent 
Control F 374 40 46.57 31.41 38.99 
tj F 374 41 37.26 33.85 35.55 
w F 375 42 38.66 34.98 36.82 
tt M 375 43 36.10 32.91 34.50 
if M 375 44 34.38 31.46 32.92 
Average 38.59 32.92 35.76 
20 $ apple M 375 45 54. S4 49.33 52.13 
H « R 375 46 50.46 42.97 46.73 
M M F 374 47 56. 56 53.16 54.86 
H M F 374 48 43.12 55.90 49.51 
a H M 374 49 54.16 52.87 53.51 
Average 51.85 50.85 51.35 
Difference 13.26 17.93 15.59 
Table 10. Comparison of Calcium Retention among Litter Mates 
on a Diet Containing 30 Percent Fresh Apples 
Diet Sex Litter Rat Trial 1 Trial 2 
No. No. percent percent 
Control M 456 21 45.82 33.10 
it F 456 22 49.19 45. o4 
Average 47.50 39.17 
2Q/t apple M 456 29 36.35 40.93 
ft it F 456 52 48.95 58.68 
Average 42.75 49.80 
Difference 
-4.75 10.63 
Control M 454 23 46.01 43.45 
w F 454 24 47.01 45.42 
Average 46.51 44.43 
20$ apple M 454 30 43.75 57.66 
ft H F 454 31, 48.65 60.13 
Average 46.20 58.89 
Difference CO
 
.
 
1
 14.46 
Table 11. Comparison of Calcium Retention among Litter Mates 
on a Diet Containing 20 Percent Fresh Apples 
Diet Sex Litter Rat Trial 1 Trial 3 
s*
 
o
 
•
 No. percent percent 
Control F 374 40 46.57 31.41 
F 374 41 37.26 33.85 
Average 41.91 32.63 
20$ apple F 374 47 56.56 53.16 
# a F 374 48 43.12 55.90 
« * M 374 49 54.16 52.87 
Average 51.28 53.98 
Difference 9.37 21.35 
Control F 375 42 38.66 34.98 
H If 375 43 36.10 32.91 
H U 375 44 34.38 31.46 
Average 36.38 33.12 
20$ apple M 375 45 * 54.94 49.33 
» rt If 375 46 50.46 42.97 
Average 52.70 46.15 
Difference 16.32 13.03 
-15- 
In comparing the percent of calcium found in the femurs 
of the control and experimental animals. Tables 12, 13, 14, 
and 15, there seem to be no sign!cant differences. The 
variations noted in these data are well within the limits of 
experimental error. It may be stated, then, that apples 
appear to have no effect upon calcium deposition in the bones 
of rats. 
Table 16, parts 1 and 2, gives a composite picture of the 
data on calcium retention as influenced by apples. 
An analysis of the growth of the animals. Figures 3 and 
4,shows no great difference between the gains in weight of 
the control and of the experimental animals. The slightly 
more rapid gains in weight made by the experimental rats may 
be due to their somewhat greater food consumption, as was the 
case of the animals on the cranberry diet. 
Table 12. Effect of a 20 Percent Fresh Apple Diet 
on Calcium Deposition in the Femur 
Diet Sex Litter Rat Calcium in Femur ash 
No. No. percent grams 
Control U 456 21 45.83 .07818 
ft F 456 22 45.86 .08829 
* U 454 23 46.48 .08658 
* F 454 24 46.15 .07763 
Ave rage 46.08 .08267 
20$ Qpple U 456 29 45.50 .08327 
m ft H 454 30 45.65 .08866 
ft ft F 454 31 48.39 .06900 
» ft F 456 32 45.76 .08259 
Average 46,33 .08088 
Difference .24 -.00179 
Table 13. Effect of a 20 Percent Fresh Apple Diet 
on Oalciuia Deposition in the Femur 
Diet Sex Litter Hat Calcium in Femur ash 
No. No. percent gr?uas 
Control F 374 40 48.69 .04601 
* F 374 41 48.81 .04515 
F 375 42 46.98 .06014 
» M 375 43 45.32 .06948 
ft II 375 44 45.41 .07547 
Average 47.04 .05925 
20'jo apnle M 375 45 46.69 .06602 
It H M 375 46 47.34 .07059 
W It F 374 47 47.17 .04835 
» II F 374 48 47.49 .04756 
if rt If 374 49 48.46 .05195 
Average 47.43 .05689 
Difference .39 -.00236 
Table 14. Comparison of Femur Calcium among Litter 
Mates on a 20 Percent Fresh Apple Diet 
Diet Sex Litter Hat Calcium in Femur ash 
Mo. Mo. percent grains 
Control H 456 21 45.83 .07818 
ti F 456 22 45.86 .08829 
Average 45.84 .08323 
20^ apple M 456 29 45.50 .08337 
ti H F 456 32 45.76 .08259 
Average 45.63 .08293 
Difference 1 • CO
 
M
 
-.00030 
Control H 454 23 46.48 .08658 
F 454 24 46.15 .07763 
Average 46.31 .08210 
20£ apple U 454 30 45.65 .08866 
ti H F 454 31 48.39 .06900 
Average 47.02 .07883 
Difference .71 
-.00327 
Table Id* Comparison of Femur Calcium among Litter 
Mates on a 20 Percent Fresh Apple Diet 
Diet Sex Litter Hat Calcium in Femur ash 
No* No* percent grams 
Control ♦ 374 40 48.69 .04601 
u F 374 41 48.81 .04515 
Average 48.75 .04558 
20% apple F 374 47 47.17 .04835 
F 374 48 47.49 .04756 
it it M 374 49 48.46 .05195 
Average 47.71 .04929 
Difference -1.04 .00371 
Control F 375 42 46.98 .06014 
M 375 43 45.32 .06948 
H M 375 44 45.41 .07547 
Average 45.90 .06836 
20 & apple M 375 45 46.69 .06602 
it it H 375 46 47.34 .07059 
Average 47.01 .06830 
Difference i.ii -.00006 
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Summary 
A series of experiments was carried out to note the 
effect of fresh cranberries and fresh apples on calcium re¬ 
tention in rats. All experimental conditions were carefully 
controlled for all of the animals, the addition of fruit to 
make up twenty percent of the diet of the experimental rats 
being the only variable. Results have been obtained which 
lead to the following conclusions: 
1. Both fresh cranberries and fresh apples favorably 
influence the retention of calcium in rats. 
2. The increased retention may be due to: (a). The 
reaction of the calcium carbonates of the diet with 
the acids of the fruits to form calcium salts 
which are more soluble than the carbonates, (b). 
The greater food intake of the experimental animals, 
(c). The increased acidity in the intestinal tract 
of the experimental animals on the diet with the 
cranberry supplement. 
3. Although cranberries appeared to cause a greater 
increase in the amount of calcium deposited in the 
femur than apples, it is felt that this increase 
is not great enough to be significant. 
-17 
4# The animale on the diet containing fruit showed a 
©lightly more responsive weight gain then the 
controls. However, this difference is attributed 
to the larger intake of food rather than to any 
npecific action of the fruits. 
-u8- 
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